The logarithmic layer of double-averaged (in time and space) streamwise velocity profiles obtained from field measurements made in the Swiss rivers, Venoge and Chamberonne is parameterized and discussed. Velocity measurements were made using a 3D Acoustic Doppler Velocity Profiler. Both riverbeds are hydraulically rough, composed of coarse gravel, with relative submergences (h/D 50 ) of 5.25 and 5.96, respectively. From the observations, the flow may be divided into three different layers: a roughness layer near the bed, an equivalent logarithmic layer and a surface or outer layer. It was found that a logarithmic law can describe the double-averaged profiles in the layer 0.30 < z/h < 0.75. The parameterization of the logarithmic law is discussed. Special emphasis is given to the geometric parameters roughness and zerodisplacement heights and to the equivalent von Karman constant.
Introduction
A deep understanding of turbulent processes in open channels and rivers is needed in order to better formulate engineering solutions within such river disciplines as river restoration, pollution control and stable channel design. At present, laboratory experiments and numerical simulations are the main source of information for open-channel turbulence and for the interpretation of flow phenomena in rivers. These open-channel studies are typically carried out under idealized conditions of uniform flow and flat beds with a fairly homogeneous bed roughness distribution and are often designed to study specific aspects. Field studies in rivers are important in order to understand fluvial processes which cannot be reproduced in the laboratory. However, few field investigations in natural or canalized rivers have been made. Recent work on fluvial hydraulics, including field studies, was summarized by [11] . These authors classified the contributions by type of analysis and by topic (flow structure, velocity profiles, microhabitats and numerical model validation). Examples pertinent to the present research and not referred to by Buffin-Bélanger and Roy [11] include the following: Nelson et al. [31] described the turbulent structure in the wake formed by the presence of bed forms, which are responsible for the observed deviations in the lower layers of the velocity profile; Baiamonte et al. [4] showed the delay effect in the streamwise velocity produced by boulder drag in gravelbed rivers; Smart [44] and Babaeyan-Koopaei et al. [3] studied time-averaged velocities, turbulence intensities, shear stresses, bed shear, friction velocity, roughness parameters and velocity spectra; Nikora and Smart [33] investigated the vertical distribution of turbulent energy dissipation and characteristic turbulence scales; Katul et al. [26] compared the velocity deviations produced in gravel-bed rivers with the inflected profiles observed in atmospheric flows above the vegetation canopy; Hurther et al. [23] documented the existence of coherent structures in rivers and their influence on transport and mixing; Tritico and Hotchkiss [46] described turbulence characteristics in the wake of obstructions. More references to field studies of fluvial hydraulics are given in [36] and in [15] , thus extending the list by Buffin-Bélanger and Roy [11] .
In river engineering, it is essential to estimate the vertical distribution of the streamwise flow velocity. For low relative submergence, i.e., for small values of h/D, where h is the water depth and D a geometry parameter representative of the bed roughness, generally a grain diameter, the streamwise velocity profile is not self-similar inside the roughness layer [33, 44] . However, data obtained in gravel-bed flows with low relative submergence show that there exists a region above the roughness layer where a logarithmic distribution still adequately describes the vertical velocity distribution [8, 14, 44, 18] . In this region, it is possible to parameterize the overall velocity distribution for gravel river flows with macro-scale roughness using an equivalent logarithmic 2D velocity profile [37, 5] . Given the high spatial variability of the flow 0309-1708/$ -see front matter Ó 2008 Elsevier Ltd. All rights reserved. doi:10.1016/j.advwatres. 2008 .03.001 characteristics in gravel-bed rivers with low relative submergence, the application of double-averaged (in time and space) methods (DAM) seems appropriate, providing flow characteristics are averaged over at least one wavelength of the bed-form [45, 40] . In hydraulics, the DAM approach was adopted by the authors in [34, 28, 1, 39, 38] , amongst others. This paper aims at (i) proposing a division of the identified flow regions of gravel-bed rivers with low submergence and, accordingly, (ii) to parameterize the distribution of the streamwise velocity over the flow depth.
Empirical results are presented from two field measurement campaigns made in the Swiss gravel-bed rivers, Venoge and Chamberonne. Using the D 50 of the bed surface as the geometry parameter representative of the bed roughness, the relative submergence for the two rivers is 5.25 and 5.96, respectively. Dittrich and Koll [14] classified rivers as shallow, i.e., with low relative submergence, when the ratio h/D is lower than 5. By this definition the present measurements can be considered at the limit of low relative submergence. Profiles of the streamwise velocity are studied. A logarithmic equation is found suitable to describe the observed profiles in an equivalent logarithmic region in the intermediate layer of the flow and its parameters are quantified from the presented field data. This parameterization is compared with current theories for the description of the streamwise velocity distribution in rough turbulent river flows with irregular boundaries and low relative submergence.
In the next section, an introduction to the theory of doubleaveraging methods and velocity profile parameterization in the logarithmic layer is given. Field measurement conditions and the instrumentation (ADVP -Acoustic Doppler Velocity Profiler) are then presented, followed by the empirical results and the conclusions.
Theoretical background

Double-averaged velocity profile
For 3D, isothermal, turbulent open-channel flows of incompressible Newtonian fluids, continuity and conservation of mean momentum may be expressed using the Cartesian tensor notation (see [22] ), respectively,
Eq. (2) is the Reynolds Averaged Navier-Stokes equation (RANS). In this equation, t stands for the time variable, x for the space variable, u for velocity, subscript i and j for the 3D Cartesian directions with 1 for streamwise, 2 for spanwise and 3 for vertical, P for pressure, q for density, f for the mass forces (for open-channel flows as the ones herein analyzed these correspond to the gravity term: The terms of the left-hand side of Eq. (2) represent the mean momentum variation due to unsteadiness and convection; assuming steady flow conditions, the term representing unsteadiness (o/ ot) may be eliminated.
For practical applications, i.e., the estimate of flow resistance, precise 3D details of river flows are not essential and often a 2D description of the velocity distribution is sufficient. 2D vertical velocity profiles should correspond to real 3D velocity distributions in terms of local averaged momentum. The RANS equations are not suitable for flows over irregular rough boundaries especially in the near-bed region where the flow is highly 3D and heterogeneous. In order to incorporate the effect of boundary local topography, a spatial averaging operation may be applied to the RANS equations, resulting in the so called double-averaged (in time and space) Navier-Stokes (DANS) equations. Double-averaged velocity (in time and space) as defined by [34] 
where X is, without loss of generality, a rectangular domain whose area is L x Â L y , located parallel to the plane z = const (assumed parallel to the bed). Both L x and L y should be large when compared with the wavelengths of the spatial distributions of the variations of the near-bed longitudinal velocities (cf. [45] ). The area, within X, occupied by fluid at a given elevation, is A. Function A(z) expresses the void distribution between the lowest troughs and the highest crests of the roughness elements. Dummy variables a and b are such that 0 < a < L x and 0 < b < L y . Evidently, the time-averaged velocity u is defined only in the points a, b 2 X occupied by fluid. The integration is made over a horizontal surface (dS). It is assumed that the distribution of the roughness elements is isotropic and homogeneous; hence, line-averaging along a perpendicular to the riverbank becomes equivalent to area averaging. From spatially discrete measurements of velocity profiles, the calculation of the doubleaveraged velocity is defined by h uiðzÞ ¼
where A k (z) is the area occupied by fluid of a convex sub-domain X k , defined as the area of influence of (
and such that S NðzÞ k¼1 X k ¼ X, N represents the total number of sub-domains and N 0 (z) the number of sub-domains, at elevation z, for wich the velocity is not defined at (x k , y k ). It should be noted that, in general, P NÀN 0 ðzÞ k¼1 A k ðzÞ 6 AðzÞ. The simplified expression obtained on the right hand side is only appropriate for measurements with a regular grid spacing. Similar to the concept of Reynolds decomposition, the time-averaged terms may be decomposed into a space average (double-averaged) and a mean spatial deviation uðx; y; zÞ ¼ h uiðzÞ þũðx; y; zÞ; hũi ¼ 0; Pðx; y; zÞ ¼ hPiðzÞ þ e Pðx; y; zÞ; h e Pi ¼ 0;
where the tilde denotes the difference between the double-averaged and time-averaged values and the square brackets denote spatial averaging. Double-averaged variables are the same for all points within the averaging domain.
Logarithmic law
Three different length scaling parameters exist for the description of a turbulent boundary layer flow: two inner scales, the viscous length m/u * , where u * is the bed friction velocity and the roughness length k s ; and an outer scale defined typically by the boundary layer thickness or, as in the present case, by the flow depth, h. Using dimensional analysis, the velocity gradient may be expressed as a function of these geometric and velocity scales. At high relative submersions and at sufficiently high Reynolds numbers, and regardless of the nature of the boundary, an overlap region exists where complete similarity may be assumed [6] , thus making the derivation of a logarithmic law for the velocity distribution possible:
where cte and A are constants of integration. For the determination of the logarithmic law it is assumed that u * is the velocity scale responsible for the momentum transfer from the outer to the inner layer and thus is valid for both flow regions ( [38] ). This overlap region is considered to be sufficiently far from both boundaries, zu * /m ) 1 or z/k s ) 1 and z/h ( 1, thus making the distance z the remaining relevant length scale. The existence of a logarithmic layer implies a clear separation between the inner and outer regions. For low submergence flows, this may not occur and thus no overlap region may actually exist.
For the definition of the logarithmic layer of the velocity profile, the level of the lower integration boundary is important. For hydraulically turbulent rough flows, Nikuradse defined the equivalent roughness height k s as the lower integration boundary [30] . However, for macro-scale roughness with irregular distribution, k s is no longer suitable as an integration boundary. [13] introduced zero-plane displacement height (d) as the origin of the logarithmic profile. [35] redefined the concept of zero-plane displacement height by stating that this represents the position where largescale eddies ''feel" the river bed. According to this definition, the zero-plane displacement height corresponds to a level where Prandtl's mixing length is zero. This is equivalent to the level where the vertical gradient of the streamwise velocity tends to infinity. Herein, we will consider the following logarithmic parameterization of the logarithmic profile [35] ,
where u Ã e is the equivalent friction velocity for the double-averaged velocity profile, z R the lower limit of the layer where the logarithmic law is valid, also known as the roughness height, and hu R i is the double-averaged velocity at the integration level z = z R . In other words, hu R i is the slip velocity at the level z R imposed as a lower boundary condition. The plane defined by z = d is situated somewhere between the top of the roughness layer and the roughness troughs. The parameter j e is an integration constant analogous to the von Karman constant (hereinafter it will be called the equivalent von Karman constant). The von Karman constant (j) was empirically determined for flows where complete similarity exists in the overlap region. It was therefore considered to have a universal value, commonly assumed to be j % 0.41. If the overlap region does not exist, as in the case of low relative submergence flows, the value of j e may be different from that of j and a function of the bed roughness. For practical purposes, the equivalent friction velocity may be estimated from variables easily measurable in the field with the uniform flow based expression
where z w is the water elevation, z 0 the mean bed elevation, and S is the streamwise river bed slope. Several authors showed that the maximum shear stress appears at an elevation close to the roughness element crests [32, 2, 17] ). It is implicit in expression (8) that the origin of a hypothetical linear shear stress distribution is z 0 .
Field study
Field measurements of velocity profiles were carried out during the summer of 2003, in the rivers Venoge and Chamberonne. Both are lowland rivers (Fig. 1) and are located in the canton of Vaud, Switzerland. Investigations were made across one section on a straight river (Fig. 2) reach during summer periods (low water). On both cases, due to the difficulty on assuring a position of the traversing system perpendicular to the river bank, we corrected the angle of the measurements with an algorithm that allowed the minimal spanwise component of the velocity in average for all the profiles. This way, and for the Chamberonne case, a spanwise component fairly constant across the section and caused by the presence of a smooth bend located upstream of the gauging section, was reduced to negligible values. The cross sections are located at the following sites: in the river Venoge, 120 m upstream from the Moulin de Lussery and in the river Chamberonne, 385 m upstream from the river mouth (Fig. 2) . Table 1 summarizes the flow conditions.
In Table 1 , Q is the flow discharge, h the mean water depth, B the river width, Re the Reynolds number (Re = Uh/m, where U is the cross-section averaged streamwise velocity (U = Q/(Bh)) and m the kinematic viscosity taken as 1.01 Â 10 À6 m 2 s À1 ), Fr the Froude number (Fr ¼ U= ffiffiffiffiffi ffi gh p , where g is the acceleration of gravity) and D 50 the width of the square mesh of the sieve that retains 50%, in weight, of the bed material samples.
Based on the average water depth, the ratio B/h is 30 and 20 for the rivers Venoge and Chamberonne, respectively. Both rivers therefore correspond to wide channels. The streamwise river bed slope was determined locally with topographic data obtained from [25] for the Venoge and for the Chamberonne from the Gesrau system (SESA -Canton of Vaud). At the time of the measurements, both river bottoms had a gravel-armoured layer.
For each river, all measurements were taken on a single day. The discharge in the river sections was constant during the measurement time, as was confirmed by discharge data provided by 
Instrumentation
The measurements were made with the 3D ADVPs developed at the Laboratoire d'Hydraulique Environnementale, École Polytechnique Fédérale de Lausanne (LHE). It is a non-intrusive ultrasonic instrument capable of measuring quasi-instantaneous 3D velocity profiles of clear water flows over the entire flow depth. The ADVP does not disturb the flow since ultrasound receivers are in a separate box located at the top of the water column (cf. [19] ). It may be used for laboratory and field studies (rivers and lakes). Details on the working principle of this Doppler based instrument are given in [41] . In Doppler-based velocimeters, the signal emitted by the ultrasonic emitter-transducer is backscattered by moving targets and captured by receiver-transducers. The Doppler frequency shift observed between the emitted and the received signal is proportional to the target's velocity in the receiver direction. The quality of the signal depends on the scattering targets and their ability to follow the fluid motion [43] . The ADVP is a flexible instrument, since the instrument and the acquisition parameters can be permanently adjusted to the conditions during the measurements. The data quality is controlled by oscilloscope before and during recording, thus allowing to assure an optimal configuration of the system. The ADVP configuration used for the present measurements consists of four receivers that surround the emitter. This provides one redundancy in the 3D velocity component calculation which is used to eliminate signal noise and to control the data quality [24, 9] . For both rivers, a pulse repetition frequency (PRF) of 2000 Hz and a number of pulse pairs (NPP) equal to 32 was used, which results in a sampling frequency of 62.5 Hz. Although a low degree of aliasing was expected, a dealiasing algorithm developed by [19] was applied to the data. This correction, combine with the use of a multistatic configuration, allows theoretically noise-free 3D velocity estimations (cf. [19, 9] ). For the transversal displacement of the ADVP system, a portable metal bridge structure (Fig. 1b) was installed and leveled so that the instrument was always at the same distance from the water surface. This set-up allowed efficient profiling and minimum disturbance of the flow by the measuring installation and at the same time minimized the flowinduced vibration of the ADVP.
Results
River bed
The local river bed level is determined from the acoustic backscatter response. For each profile, the position of the bottom is detected by a saturation of the ADVP signal in the region corresponding to the riverbed, allowing to determine it with a precision of about 5 mm. Fig. 3 shows the bed level variation across the river sections.
The origin of the vertical coordinates was chosen to be the lowest measured point (designated as bed origin of type 3(1) by [35] For both rivers, bed sediments were sampled and analyzed according to the sample collection method for coarse rivers proposed by Wolman [47] . The bed material samples were taken from the armoured layer and, in both cases, more than 100 gravel stones were collected.
Standard sieve sizes were used to obtain the grain size distribution of the riverbed material as shown in Fig. 4 . As indicated in Table 1, the bed surfaces of the rivers Venoge and Chamberonne have median grain diameters of 40 and 49 mm, respectively. By definition, both riverbeds are composed of coarse gravel.
Time-averaged velocity profiles
Figs. 5 and 6 show the different measured velocity profiles, time-averaged over the entire measuring period for both rivers. The profiles are all referenced to the lowest bed elevation in the measured river section, which results in water depths h = 0.210 and 0.292 m for the Venoge and Chamberonne, respectively. Lateral distances indicated are normalized by the river width with the origin on the right riverbanks.
Deviations from a logarithmic velocity profile are visible in the upper layers of the flow, especially for the Chamberonne river. It is difficult to establish a general tendency in the observed deviations, because they occur in both upstream and downstream directions by a relative increase or decrease of the flow velocity. In decelerating flows, the time-averaged velocity profile in gravel-bed rivers may acquire a so-called D-shape ( [16] ).
In some velocity profiles, a wake effect near the bed is observed, which may be caused by a sudden change of the bed level or roughness upstream from the measuring point, as observed by Carravetta et al. [12] . This feature is most evident in profiles corresponding to y/B = 0.183, 0.282, 0.445, 0.500 and 0.516 in the Venoge. Such velocity deviations in the lower layers of the flow are widely observed in gravel-bed rivers in the presence of large bed protuberances [29, 7, 10, 21] .
From the analysis of the time-averaged velocity distribution throughout the corresponding cross-section measurements, [18, 20] noticed that an influence of the riverbank on the time-averaged streamwise velocity distribution exists for y/B < 0.15. Thus, the side wall effect disappears for y/h > 4.5 and 3.0, for the Venoge and Chamberonne, respectively. because the velocity tends to a fairly constant value in both cases within the central region of the flow.
Double-averaged velocity profiles
For the calculation of the equivalent double-averaged streamwise velocity profile, the measurements taken at y/B < 0.15 will not be considered. Spurious profiles from two measurements (located at y/B = 0.445 for the Venoge and at y/B = 0.218 for the Chamberonne) are not considered in the subsequent analysis either. Fig. 8 shows the time-averaged and the double-averaged velocity profiles for both rivers.
From the analysis of the double-averaged velocity profiles, it is evident that the flow may be divided into the following three layers: inner, intermediate and outer. Furthermore, a well defined logarithmic layer can be identified within the intermediate region of the flow, extending roughly from z/h % 0.20-0.80. In the next section, we will apply a procedure to define the limits of this intermediate flow region and parameterise the log-laws that best-fit the empirical double-averaged velocity distributions for both rivers.
Equivalent Von Karman constant (j e ) and zero-plane displacement height (d)
In order to use the definition of zero-plane displacement height as suggested by Nikora et al. [35] , we assume that an analogous Prandtl's mixing length concept [30] is valid for the double-averaged velocity profiles within the intermediate layer. Thus, we may relate the total shear stress to the gradient of the double-averaged velocity as follows:
where l e is the equivalent mixing length. The derivation of the logarithmic law for the description of the streamwise velocity by the momentum flux approach implies that the shear stress is constant within the logarithmic layer. Thus, from the definition of friction velocity u Ã e ¼ ðs=qÞ 0:5 , one obtains
According to Nikora et al. [35] , the zero-plane displacement height corresponds to the position in the water column where the mixing length is zero, i.e., l e (z = d) = 0. Equating (7) and (10), the following relationship between the mixing length (l e ) and the equivalent von Karman constant may be established:
The equivalent von Karman constant may thus be determined by the slope of a linear regression of l e against (z À d).
Rearranging Eq. (7), the equivalent von Karman constant may also be estimated from the following linear relationship:
With all terms of Eq. (12) empirically established, j e can be estimated for several positions within the logarithmic layer of the double-averaged velocity profiles. We will use Eq. (12) to establish the limits of the logarithmic layer and Eq. (11) . Within these limits we may now calculate d and j e using a linear regression between l e versus z (see Eq. (11)). With d estimated from the latter linear regression we may look back to Eq. (12) and validate the boundaries z R and z L previously found or re-establish new ones. A trial and error procedure is thus delineated where convergence to a definition of the logarithmic subregion based on Eq. (12) and to the establishment of d and j e parameters is expected.
As a first approach, based on the observation of In Fig. 9 , where equivalent Von Karman calculation is made with Eq. (12), one may identify subregions of the flow where j e converges to constant values (j e % 0.19 and 0.33 for the Venoge and Chamberonne), thus where the logarithmic law defined by Eq. (7) Venoge Chamberonne Fig. 10 . Determination of the zero-plane displacement height d and von Karman constant j e (using Eq. (11)). Circles and diamonds correspond to points outside the logarithmic layer for the Venoge and Chamberonne, respectively. Venoge Chamberonne Fig. 9 . Determination of the equivalent von Karman constant j e (using Eq. (12)). Circles and diamonds correspond to points outside the logarithmic layer for the Venoge and Chamberonne, respectively. We consider the latter j e values for the parameterization of the log-profile since their determination is less dependent on z L and z R .
For the river Chamberonne, the value of j e is close to that of the von Karman constant which is valid for flows with a clear overlap region and consequently complete similarity. For the Venoge river, a constant j e value confirms the existence of a log adaptable region of the flow.
Parameterization of the logarithmic layer of the double-averaged velocity profile
The parameters of the theoretical logarithmic law (Eq. (7)) adjustable to the double-averaged velocity profiles, and obtained from the procedure described in the previous subsection of the text, are given in Table 2 . Fig. 11 presents the double-averaged profiles obtained from the measurements and the parameterized velocity profile defined by Eq. (7). Good correlation factors between the double-averaged velocity profiles and the parameterized logarithmic law, calculated within the logarithmic layer, are found: R 2 = 0.999 for the Venoge; and R 2 = 0.995 for the Chamberonne.
In both rivers, three distinct flow regions are well defined: the roughness layer, situated below z R (the roughness height, z R , is situated above the mean level of the roughness crests, z 0 ¼ 0:11h and 0.24h, respectively); a logarithmic layer between z R and z L ; and an outer layer also called surface influenced layer situated above z L .
Inside the roughness layer, random deviations of the velocity profile occur, especially for the Chamberonne river, indicating that the flow structure is 3D and totally conditioned by the bed roughness. For z < z R , in the Venoge river, a distribution similar to an internal logarithmic boundary layer may be suggested, as was described by Sanford and Lien [42] and Franca [21] . In the Chamberonne case though, no coherent distribution of the time-averaged velocity is evident below z R . In low relative submergence cases with randomly distributed bed protuberances, self-similarity of the flow does not exist inside the roughness layer [33, 44] . In the Table 2 Parameters for the logarithmic layer of double-averaged velocity profiles intermediate layer the double-averaged profiles from the empirical data are well described by a logarithmic fit (Fig. 11) , despite the low relative submergence of the flow. It can be seen in Figs. 5, 6 and 8 that some velocity profiles have strong deviations from the logarithmic shape in the outer layer, most likely due to permanent 3D structures in the flow [16, 5, 48, 20] ). Franca [20] showed the occurrence of organized time-averaged secondary motion in these flows which is confined to the outer layer (z > % 0.80h). The limit of the surface layer (z L /h) is still under discussion, and is usually attributed a lower value of z L /h. The low relative submergence may induce a general wake effect shifting the logarithmic layer to a higher level.
Conclusions
In this paper, field measurements of streamwise velocity profiles taken in the rivers Venoge and Chamberonne with a deployable ADVP were analyzed. The river beds were composed of coarse gravel and the relative submergences were h/D 50 = 5.25 and 5.96. Both rivers had a bed roughness irregularity parameter of r bed /D 50 % 0.50 and 0.66. It was shown that, despite the low ratio h/D 50 , there exists a region in the velocity profiles where the velocity distribution may be described by a logarithmic law. According to the present results, the flow can be divided into three different layers: a roughness layer, a logarithmic layer (determined by a best fit approach) and a surface or outer layer. Double-averaged velocity profiles were parameterized in the logarithmic layer, using the definition of the zero-plane displacement proposed by Nikora et al. [35] .
The lower limit of the logarithmic layer is situated at z R / h % 0.30, scaling with %2D 50 . Below the roughness height, two different situations can be observed. In the Venoge river, an organized structure of an internal logarithmic boundary layer seems to exist, whereas in the Chamberonne river the velocity distribution does not show a consistent pattern.
The upper limit of the logarithmic layer corresponded in both cases to z L /h % 0.75, or z L % 4.0D 50 . There is still some uncertainty as to the level of the lower limit of the surface layer (z L /h). Usually, a lower value than the one which we observed is attributed to z L /h. The low relative submergence possibly induces a general wake effect which shifts the logarithmic layer to a higher level.
Estimating empirically the equivalent von Karman constant and the zero-displacement height, we obtain values of j e = 0.17 and 0.38, and of d = 0.020 and 0.052 m, for the Venoge and Chamberonne, respectively. Zero displacement height was situated below the roughness crests, d % 0.80z 0 .
Although the logarithmic law may well describe the velocity profile in the central depth region of the flow in the river Venoge, an overlap region where complete similarity occurs and where j e is universal and equal to 0.41 does not exist. In the case of the Chamberonne river, the equivalent von Karman constant was close to the universal value. It may be assumed that the differences observed between the two rivers may result from some roughness parameter possibly related to the distribution of the bed roughness elements.
Geometric parameters obtained for the river Venoge are in agreement with previous results by [27] . However, for the Chamberonne case, roughness height and zero-plane displacement height fall outside the expected range presented by Koll [27] . This may mainly be due to the difficulties in defining a geometric parameter which can reliably characterize the bed roughness for such low relative submergence.
